PCR-chip-based ultra-rapid multiplex PCRs for detection of six major infectious pathogens in honeybee were developed. The 6 kinds of major infectious pathogens in honeybee included Paenibacillus larvae causing American Foulbrood, Melissococcus plutonius causing European Foulbrood as bacteria, Ascosphaera apis (Chalkbrood), Aspergillus flavus (Stonebrood), Nosema apis and Nosema ceranae (Nosemosis) as fungi. The developed PCR-chip-based ultra-rapid multiplex PCR showed successful amplification for all six major pathogens in the presence of more than 10 3 molecules. The time for confirming amplification (Threshold cycles; Ct-time) was about 7 minutes for two species, and about 9 minutes for four species. Total 40 cycles of PCR took 11 minutes 42 seconds and time for melting point analysis was 1 minute 15 seconds. Total time for whole PCR detection was estimated 12 minutes 57 seconds (40 cycles of PCR and melting point analysis). PCR-chip based ultra-rapid multiplex PCR using standard DNA substrates showed close to 100% accuracy and no false-amplification was found with honeybee genomic DNA. Ultra-rapid multiplex PCR is expected to be a fast and efficient pathogen detection method not only in the laboratory but also in the apiary field.
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(1,000ng 500ng) . 3 . The optimal condition of honey bee nucleic acid to UR-PCR. The amplification of β-actin gene was performed using 1,000-1ng gDNA of honeybee larvae. Panel A is the fluorescent graph of amplification according to initial gDNA and Panel B is peak graph of Tm value. The amplification of β-actin gene with 1,000ng and 500ng initial gDNA was done poorly. Only in 100-10ng gDNA as a template, the amplification curve was formed regularly and the optimal usage of gDNA was 50ng. (Fig. 7A ).
PCR Tm (Fig. 7B) , UR multi-PCR . The optimal annealing temperature of 6 species pathogens and β-actin gene. For confirming the optimal annealing temperature of UR multi-PCR, the annealing temperature was controlled at 52°C to 66°C Paenibacillus larvae, Aspergillus flavus, β-actin gene can be detected up to 66°C annealing temperature and Mellisococcus plutonius, Ascosphaera apis gene can be detected up to 64°C Mellisococcus plutonius gyrase (gy: DNA gyrase), Nosema apis can be detected up to 62°C annealing temperature and Nosema ceranae can be detected up to 60°C annealing temperature. As a result, the optimal annealing temperature was 60°C (*). 10 5 copies of DNA were used as template and the concentration of each primer pairs was based on optimal condition. (Fig. 7C) . (Table 7) . 
